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(54) Weather resistant thermoplastic resin composition 

(57) Aweatherresistantthermoplasticresincompositioncomprises(A)agraftpolymercomprising(A-1)a 
non-conjugated diene rubber and (A-2) at least two kinds of monomers chosen from aromatic vinyl compounds, vinyl 
cyanide compounds and unsaturated carboxylic acid alkyl esters grafted thereon and <B) a terpolymer comprising 
aromatic compounds, vinyl cyanide compounds and unsaturated carboxylic acid alkyl esters, the weight proportion 
of the graft polymer (A) and the terpolymer (B) being from 10 : 90 to 90 : 1 0. The amounts of the aromatic 
compounds, the viny cyanide compounds and the unsaturated carboxylic acid alkyl esters in the terpolymer (B) may 
be 3 to 65 % by weight, 2 to 35 % by weight and 20 to 95 % by weight, respectively. The composit.on gives improved 
color development, impact resistance and resistance to thermal decomposition. 
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SPECIFICATION 

Weather resistant thermoplastic resin composition 

c The present invention relates to a weather resistant thermoplastic resin composition. More particularly, it 5 
relates to a weather resistant thermoplastic resin composition excellent in color development, .mpact re- 
sistance and resistance to thermal decomposition. 

Graft polymers, which comprise non-conjugated diene rubbers (e.g. ethylene-propylene elastomer.c 
polymers) and polymerizable monomers (e.g. aromatic vinyl compounds, vinyl cyan.de compounds) 

in drafted thereon, and their blend mixtures with copolymers of aromatic vinyl compounds with vinyl cya- 10 
nide compounds (hereinafter referred to as "AES resin(s)") have excellent weather resistance, impact re- 
sistance, chemical resistance, etc. and are used in various fields. These resins, however have such 
disadvantages that they are poor in color development and difficultly colored with bright colors. 
In order to obviate these disadvantages, it has been proposed to incorporate polymethyli methacrylate 

15 (PMMA) into AES resins (cf. Japanese Patent Publns. (unexamined) Nos. 117557/82 and 139139/82). How- 1S 
ever the resulting AES resin compositions incorporated with PMMA are inferior to AES resins them- 
selves in their inherent impact strength and thermally decomposed with ease on pelletizing and/or 

m /Vs a result of the extensive study, it has now been found that incorporation of a certain specific terpo- 
20 lymer into an AES resin produces great improvements in color development, impact resistance and re- 2 0 
sistance to thermal decomposition. This invention is based on the above finding. 

According to the present invention, there is provided a weather- resistant thermoplastic resin composi- 
tion which comprises 10 to 90 % by weight of (A) a graft polymer comprising (A-1) a non- conjugated 
diene rubber and (A-2) at least two kinds of monomer chosen from aromatic vinyl compounds, vinyl 
25 cyanide compounds and unsaturated carboxylic acid alkyl esters grafted thereon and 90 to 10 % by 25 
weiqht of (B) a terpolymer comprising at least one aromatic vinyl compound, at least one vinyl cyanide 
compound and at least one unsaturated carboxylic acid alkyl ester. In addition to good weather resist- 
ance, this resin composition shows high color development and impact resistance and also low thermal 

decomposition. , , , 

™ Particularly when the component (A) is a graft polymer wherein at least one aromat,c vinyl compound 3 0 
and at least one vinyl cyanide compound as the component (A-2) are grafted on a non- conjugated 
diene rubber as the component (A-1) and the component (B) is a terpolymer comprising one or more 
aromatic vinyl compounds,one or more vinyl cyanide compounds and one or more unsaturated carbox- 
ylic acid alkyl esters in a weight proportion of 3 - 65, 2 - 35 and 20 - 95, the resin composition shows 
35 excellent weather resistance, color development, impact resistance and resistance to thermal decomposi- 35 

tl0 The resin composition of the invention comprises two essential components, i.e. a graft polymer as the 
component (A) and a terpolymer as the component (B). 
The graft polymer (A) comprises a non-conjugated diene rubber (A-1) and at least two kinds of mono- 

40 mers (A-2) grafted thereon, said monomers being chosen from aromatic vinyl compounds vinyl cyanide 40 
compounds and unsaturated carboxylic acid alkyl esters. 

The non-conjugated diene rubber (A-1) may be a copolymer of ethylene and propylene (EPR), a terpo- 
lymer of ethylene, propylene and a non-conjugated diene (e.g. dicyclopenta-diene, ethyl.dene- norbor- 
nene) a copolymer of ethylene and vinyl acetate, an alkyl acrylate or meth-acrylate polymer such as 

45 polybutyl acrylate, chlorinated polyethylene, etc. These may be used solely or in combination. Preferred 45 
are ethylene/propylene copolymer and ethylene/propylene/non-conjugated diene terpolymer 

The monomers (A-2) to be grafted onto the non-conjugated diene rubber are at least two kinds of 
monomers chosen from aromatic vinyl compounds, vinyl cyanide compounds and unsaturated carboxylic 
acid alkyl esters. Preferred is the combined use of at least one aromatic vinyl compound with at least one 

50 vinyl cyanide compound and/or at least one unsaturated carboxylic acid alkyl ester, especially the com- 50 
bined use of at least one aromatic vinyl compound with at least one vinyl cyanide compound. 

Examples of the aromatic vinyl compound are styrene, «- methylstyrene. dimethylstyrene, vinyltoluene. 
etc Among ti — m styrene is the most preferred. Examples of the vinyl cyanide compounds are acryloni- 
triie methacrylonitrile, etc. Preferred is acrylonitrile. Examples of the unsaturated carboxylic acid alkyl 

55 esters are methyl acrylate, ethyl acrylate, butyl acrylate, methyl methacrylate, ethyl methacrylate, butyl 55 
methacrylate, hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate, etc. Pre- 
ferred is the combined use of styrene with acrylonitrile and/or methyl methacrylate, particularly the com- 
bined use of styrene with acrylonitrile. 
While there is no specific limitation to the weight proportion of the non-conjugated diene rubber (A-1) 

60 and the monomers (A-2), it may preferably be from 10 : 90 to 80 : 20. Likewise the weight proportion of 60 
the aromatic vinyl compounds, the vinyl cyanide compounds and the unsaturated carboxylic acid alkyl 
esters is not limitative. Preferably, the weight ratio of the aromatic vinyl compounds and the vinyl cya- 
nide compounds and/or the unsaturated carboxylic acid alkyl esters may be from 50 : 50 to 80 : 20. In 
case of the monomers (A:ms2) being styrene, acrylonitrile and methyl methacrylate. the weight ratio of 

65 styrene and acrylonitrile and/or rnsthyl methacrylate may be preferably from 50 : 50 to 80 : 20. 



65 
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Production of the graft polymer (A) by graft polymerization of the monomers (A— 1) may be accom- 
plished by conventional procedures such as emulsion polymerization, suspension polymeri- zation, solu- 
tion polymerization and bulk polymerization. 

The terpolymer (B) comprises polymerizable aromatic compounds such as aromatic vinyl compounds, 
5 vinyl cyanide compounds and unsaturated carboxylic alkyl esters. The use of these three kinds of mono- 5 
mers is essential in this invention. In other words, the copolymer obtained by polymerization of two 
kinds of monomers chosen from them can not achieve the sufficient improvement of the physical proper- 
ties, i.e. color development, impact resistance, thermal decomposition and weather resistance, at which 
the invention aims. Examples of the aromatic vinyl compounds are styrene, a-methylstyrene, dimethyls- 
10 tyrene, vinyltoluene, etc. Among them,' preferred is styrene. As the vinyl cyanide compounds, there may 10 
be exampiified acrylonitrile, methacrylonitrile, etc, Acryionitrile is favorably used. Examples of the unsat- 
urated carboxylic alkyl esters are methyl acrylate, ethyl acrylate, butyl acrylate, methyl methacrylate, 
ethyl methacrylate, butyl methacrylate, hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl 
methacrylate, etc. Among them, methyl methacrylate is preferable. 
15 The weight percents of the aromatic vinyl compounds, the vinyl cyanide compounds and the unsatu- 15 
rated carboxylic acid alkyl esters in the terpolymer (B) may be usually 3 - 65 % by weight, 2 - 35 % by 
weight and 3 - 95 % by weight, respectively. When the respective proportion of these compounds is out- 
side this range, significant improvement in color development as well as resistance to thermal decompo- 
sition can be hardly attained. While any limitation is not present on the intrinsic viscosity of the 
2Q terpolymer (B), it is preferred to be from 0.3 to 1.5 (determined in dimethylformamide at 30°C) from the 2 0 
viewpoints of impact resistance, processability, etc. 

Production of the terpolymer (B) by polymerization of said three kinds of monomers may be accom- 
plished by conventional polymerization procedures such as emulsion polymerization, bulk polymeriza- 
tion, solution polymerization, bulk-suspension polymerization and suspension polymerization. 

In the composition of the invention, the weight proportion of the graft polymer (A) and the terpolymer 2 5 
(B) is normally from 10 : 90 to 90 : 10. When the amount of the graft polymer (A) is smaller than the 
lower limit, the impact resistance of the resulting composition is not satisfactory. When the graft polymer 
(A) is larger than the upper limit, the resultant composition is apt to show inferior color development and 
processability. 

In addition to the graft polymer (A) and the terpolymer (B) as the essential components, the composi- 3 q 
tion of the invention may comprise, when desired, any additive(s) such as dyestuffs, pigments, stabiliz- 
ers, plasticizers, antistatic agents, ultra- violet absorbers, lubricants and fillers as the optional 
components. 

Mixing of said essential components and, when used, said optional components may be accomplished 
by the use of a conven- tional mixing apparatus such as a Banbury mixer or an extruder. 35 

The thus obtained composition may be molded in an appropriate shape by any conventional molding 
procedure such as extrusion molding or injection molding. 

Practical and presently preferred embodiments of the invention will be illustratively shown in the fol- 
lowing Examples wherein part(s) and % are by weight, unless otherwise indicated. 
40 The graft polymer (A), the terpolymer (B), the copolymer (b) and polymethyl methacrylate (PMMA) as 40 
used were prepared or obtained in the manner as shown below. 

Graft polymer (A) :- 

EPDM comprising ethylidene-norbomene as the diene monomer {iodine value, 8.0; Mooney viscosity, 
61; propylene content, 43 %) (310 parts) was dissolved in a mixed solvent of n-hexane (3000 parts) and 45 
ethylene chloride (1500 parts), and styrene (290 parts), acrylonitrile (150 parts) and benzoyl peroxide (13 
parts) were added thereto. Polymerization was carried out at 67°C in nitrogen atmosphere for 10 hours. 
The reaction mixture was contacted with large excess of methanol. The precipitate was collected and 
dried to give a graft polymer (A). 

50 

Terpolymer (B) and copolymer (b):- 

To a monomeric mixture as shown in Table 1 (100 parts), t- dodecylmercaptan (0.1 part) as the molecu- 
lar weight regulating agent and benzoyl peroxide (0.3 part) as the initiator were added, and the resultant 
mixture was subjected to suspension polymerization using polyvinyl alcohol as the suspending agent at 
80°C for 8 hours according to a per se conventional procedure. By removal of water from the reaction 55 
mixture, there was obtained a terpolymer (B). 
In the same manner as above, there was produced a copolymer (b) for comparison. 



25 



30 



35 



45 



50 



55 



3 



GB 2 159 162 A 



3 



TABLE 1 



Terpolymer 



Styrene a-Methyl- Acrylo- Methyl 

styrene nitrile methacrylate 



10 



15 



20 



25 



B-1 


40 


B-2 


75 


B-3 


20 


B-4 


20 


B-5 


40 


B-6 


40 


B-7 




B-8 


10 


B-9 


10 


B-10 


30 


B-11 


20 


B-12 


70 


Copolymer 




b-1 


70 


b-2 


70 


b-3 


30 



40 



40 


20 


5 


20 


10 


70 


30 


50 


10 


50 


30 


30 


10 


50 


10 


80 


30 


60 


10 


60 


60 


20 


10 


20 




30 


30 






70 



10 



15 



20 



25 



Polymethyl methacrylate (PMMA):- 
As polymethyl methacrylate for comparison, there was used commercially available polymethyl meth- 
30 acrylate ("Sumipex B- LG" manufactured by Sumitomo Chemical Company, Limited. 

Examples 1 and 2 and Comparative Examples 1 to 5 
Preparation of the resin composition:- 

The graft polymer (A) and the terpolymer (B), the copolymer (b) or PMMA were mixed together in a 
35 weight proportion as shown in Table 2 with the following dyestuff or pigment by the aid of a Banbury 
mixer at 200°C for 4 minutes to obtain a resin composition: 



30 



35 



40 



50 



Dyestuff or pigment 



Red: Chromophthal red 
Blue: Ultramarine 42000 
Black: Carbon #45 



Part(s)' 



0.2 
0.2 
0.9 



45 



Note: *) Based on 100 parts of the combined amount of the graft polymer (A) 
and the terpolymer (B), the copolymer (b) or PMMA. 

The resultant resin composition was molded by the use of an injection molding machine {7 oz/shot 
capacity manufactured by Japan Steel Works, Ltd.; molding temperature; 230°C) to obtain a test piece. 

In the same manner as above but using commercially available ABS resin {"Kralastic MH" manufac- 
tured by Sumitomo Naugatuck Co., Ltd.), the standard piece for color development was prepared. 

Observation was made on color development of the test pieces. Also, measurement was made on ther- 
mal decomposition, impact strength and weather resistance of the test pieces colored in black. 

The results are shown in Table 2. 



40 



45 



50 



55 
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TABLE 2 



10 



15 



Graft polymer (A) (part(s) 
Terpolymer (part(s)) 
(B-1) 
(B-2) 

Copolymer (part(s)) 

(b-1) 

(b-2) 

PMMA (part(s)) 
(Methyl methacrylate 
content in the composi- 
tion (%)) 



Example 
1 

50 
50 



Comparative Example 



(10) 



2 
50 

50 
(10) 



1 

50 



50 



(15) 



2 

50 



50 
(0) 



3 

50 



50 
(50) 



4 
50 



40 
10 
(10) 



5 

50- 



35 
15 



(10.5) 



10 



15 



20 



25 



30 



35 



Color development 
Red (AE)*1) 
Blue (AE)*1) 
Black (depth, visual 
color judgement) 



Resistance to thermal 
decomposition (%)*2) 
30 minutes 
120 minutes 



Impact resistance (kg/cm/cm)*3) 
Weather resistance (%)*4) 



2.9 
3.2 
Good 



0.5 
0.8 



2.8 
3.0 
Good 



0.5 
0.7 



4.9 
5.1 
Not 
good 



0.8 
1.0 



6.8 
7.1 
Not 
good 



0.6 
1.8 



0.9 
1.2 
Good 



12.9 
41.2 



3.1 
3.5 
Not 
good 



1.2 
4.8 



6.5 
6.7 
Not 
good 



0.8 
1.1 



38.5 36.8 21.6 38.9 20.5 31.2 27.4 
87 88 83 80 87 85 83 



20 



25 



30 



35 



Note: 

*1) Color difference in comparison with the standard piece of ABS resin. 40 
*2) Weight loss (%) after being allowed to stand in an oven of 250°C 
*3) Izod impact resistance, 1/4", notched, 23°C. 

*4) Retention of impact strength (1/8", not notched, -10 C C) after 1000 hours exposure to weather-o- 
meter (%). 

45 

From the above results, it is seen that the resin composition comprising the graft polymer (A) with the 
copolymer (b-1) or PMMA (Comparative Examples 1 and 3) is much inferior to the resin composition 
comprising the graft polymer (A) with the terpolymer (B) (Examples 1 and 2) in impact resistance. The 
resin composition comprising the graft polymer (A) with the copolymer (b-1) (Comparative Example 3) 
is also inferior in resistance to thermal decomposition. The resin composition comprising the graft poly- 50 
mer (A) with the copolymer (b-2) (Comparative Example 2) is markedly inferior in color development. 

In the resin composition comprising the copolymer (b) (Comparative Examples 4 and 5), the methyl 
methacrylate content was the same level as that (about 10 %) in the composition of the invention (Exam- 
ples 1 and 2) but no sufficient improvement was observed in any of the physical properties as observed 
or measured. 55 

Accordingly, it may be said that the composition of the graft polymer (A) incorporated with the terpoly- 
mer (B) according to the invention shows good color development, heat resistance and impact resistance 
in comparison with that incorporated with the copolymer (b) or PMMA. 

60 Examples 3 to 13 and Comparative Examples 6 to 12 60 
Preparation of the resin composition:- 

The graft polymer (A) and the terpolymer (B), the copolymer (b) and/or PMMA were mixed together in 
a weight proportion of 50 : 50 with the following dyestuff or pigment by the aid of a Banbury mixer at 
200°C for 4 minutes to obtain a resin composition: 



40 



45 



50 



55 
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Dyestuff or pigment Partfs)'* 



Red: Chromophthal red 0.2 
Blue: Ultramarine #2000 0.2 
Black: Carbon #45 0.9 



Note: *) Based on 100 parts of the combined amount of the graft polymer (A) 
and the terpoiymer (B), the copolymer (b) or PMMA. 



10 



15 



The resultant resin composition was molded by the use of an injection molding machine (7 oz/shot 
caS^mwufactured by Japan Steel Works, Ltd.; molding temperture; 230'C) to obtain a test p.ece. 

In the same manner as above but using commercially available ABS resin ("Kraiast.c MH manufac- 
tured by Sumitomo (Maugatuck Co., Ltd.), the standing piece for color development was prepared. 15 

Observation was made on color development of the test pieces. Also, measurement was made 
sistance to thermal decomposition, impact strength and weather resistance of the test p.eces colored m 



black. 

The results are shown in Table 3. 
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•1)' Color difference between the standard ABS resin sample and the test sample. 
*2) Weight loss (%) after being allowed to stand in an oven of 250 C. 

■4) ^nSofimpIct strength (1/8". not notched, -UK) after 10 00 hours exposure to weather-o- 



meter (%). 



10 CLAIMS 

1 A weather resistant thermoplastic resin composition which comprises (Al a graft polymer compris- 
1. A weatner resistaru mo k /a_o\ nt [past two kinds of monomers chosen from aro- 

ing (A-1) a non-cc ,njoga ^J™^^^ carboxylic acid alky, esters grafted 

TuT.oT^Za TrTcWme compSiTaromatic compounds, vinyl cyanide compounds and un«tU- 15 
15 ra^TcarboxyNc V^Z^sters. the weight proportion of the graft polymer (A, and the terpo.ymer (B, 

"I" 9 ^Tresin cXositionaccording to daim 1. wherein the weight proportion of the non-coniugated 

20 vin 3 y, the unsaturated carboxy.ic acid a, k y. esters is 

from 50 : 50 to 80 : 20. a „ nrriinn to c , aim ^ or 2 wherein the weight proportion of the aromatic 

I A resin composition substantially as herein described and exempted. 
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